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SEISMIC  INVESTIGATION  OF  CRUSTAI  STRUCTURE 


Abstraot 


The  researoh  has  closely  followed  the  lines  whieh  were  drawn  up  in 
the  Researoh  Proposal,  dated  June  28,  I960.  Six  papers  have  been  prepared 
for  publication,  comprising  three  main  items: 

1)  Seismio  investigation  of  crustal  structure  in  Iceland  and  the  Horth 
Atlantic  region. 

2)  Seismic  investigation  of  orustal  structure  in  Fennosoandia. 

3)  Studies  of  amplitudes  of  explosion-generated  seismic  waves. 

1)  The  records  obtained  by  refraction  technique  during  a  Swedish- 
Ioelandlo  seismio  expedition  to  Ioeland  in  I960  have  been  analysed.  Tho 
detailed  structure  of  the  lava  layer  down  to  about  5  km  depth  has  been 
determined  along  a  profile  across  Ioeland  from  southwest  to  northeast.  The 
structure  was  found  to  bo  more  oomplox  than  expected  from  earlier  results. 

This  determination  is  the  first  more  detailed  investigation  of  lava  struoture, 
at  least  on  Iceland.  This  research  constitutes  our  Scientific  Roport  Ho.  1 
and  has  been  published  in  the  Jouxn.  Geophys.  Res.,  Vol.  66,  Ho.  6,  1961, 
pp.  1913-1925. 

The  structural  relation  between  Iceland  and  the  surrounding  ocean, 
espeoially  the  Mid-Atlantio  Ridge,  has  been  investigated  by  means  of  gi.;. up- 
velocity  dispersion  curves  for  Love  and  Rayleigh  waves  from  earthquakes  in 
the  region.  This  researoh  constitutes  our  Soientifio  Report  Bo.  3  and  has 
been  submitted  for  publication  in  the  Bull.  Seism.  Soo.  Amer. 

Investigations  of  travel  times  of  P  waves  from  earthquakes  in  the 
Arotio-Atlantio  Ocean  have  given  results  with  regard  to  the  deeper  struoture 
in  the  same  region.  Thus,  it  has  been  demonstrated  that  the  P  wave  voloolty 
in  the  upper  mantle  below  the  Arctic-Atlantic  Ocean  is  around  7.4  km/seo, 
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while  below  northwest  Europe  it  is  around  8*36  kn/seo.  In  tho  upper  mantle 
below  the  ocoan  area  mentioned,  it  appoars  to  bo  a  discontinuity  at  about 
140  kn  depth,  whore  tho  P  wavo  velocity  rapidly  inoroases  to  about  8.2 
ka/seo.  There  are  indications  of  low-velooity  layers  in  tho  upper  mantle 
both  bolow  the  oooan  and  below  the  oontincnt.  This  research  has  nppoarod 
as  our  Scientific  Report  Ho.  5  and  has  boon  submitted  for  publication  in 
Annali  di  Goofisica. 

2)  Tho  thioknoss  of  the  orust  in  Fcnnosonndia  has  boon  dotoroinod  by 
tne  phaso  velocity  method,  applied  to  Rayleigh  waves  from  two  oarthquokos 
(Mexioo  and  Kurile  Islands)  recorded  by  Swedish,  Danish  and  Finnish  stations. 
Large  distances  between  stations  and  inhomogeneous  struoturo  in  tho  neigh¬ 
bouring  areas  made  c  s craight-f orwnrd  application  of  the  method  very 
difficult.  Therefore,  improved  methods  wore  developed  to  take  aocount  of 
such  difficulties.  The  crustal  thickness  was  close  to  35  kn  for  the  whole 
area  investigated,  with  indication  of  slightly  thicker  orust  in  northern 
Sweden  (35-38  km)  as  compered  to  Finland  and  southern  Sweden  (33-35  kn) . 

This  research  has  appoorod  in  our  Scientific  Report  Ho.  2  and  will  bo 
published  in  Annali  di  Goofisica. 

The  records  obtainod  from  a  seismic  reflection  experiment  at  Kiruna 
in  1955  have  boon  analysed.  This  was  the  first  seis:m.c  investigation  of 
the  deepor  structure  undertaken  in  Fonnoscandia.  Direct  P  and  S  waves  as 
well  as  atmospheric  sound  waves  were  recorded.  Tho  reflected  signals  were 
generally  woak  and  of  erratic  occuircncc.  Appror.  depths  to  the  Conrad  and 
the  ilohorovioid  discontinuities  were  calculated  as  19  km  and  33-34  kn  resp. 
This  research  has  been  presented  in  our  Scientific  Report  He,  4  and  will 
be  published  in  Goofisica  pura  e  applioata. 

3)  Although  net  explicitly  contained  in  the  contract,  we  have  also 
studied  the  amplitudes  obtained  in  the  seismic  refraction  records  in  Iceland 
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in  1959  and  I960.  Thoso  have  permitted  to  establish  relations  botwoon 
amplitudes  and  ohorgo  weights,  furthermore  to  study  the  offoot  of  water 
ooror  for  underwater  explosions,  and  finally  to  determine  the  attenuation 
of  ?  waves  in  Iooland.  This  rosoaroh  oonstitutos  the  oontent  of  our 
Scientific  Report  Ho.  6  and  has  boon  submitted  for  publication  in  Goofisioa 
pura  0  applicate. 


1.  Definitions 

The  word  crust  has  a  mooning  of  a  hard  surface  layor,  oovering  softer 
intorior.  She  oarth*  3  crust  originally  indicated  the  solid  surface  layers, 
oovoring  th.;  intorior  of  the  oarth,  which  was  bolioved  to  oonsist  of  fluid 
or  viscous  material.  Later,  different  goophysioal  measurements  showed  that 
cno  oarth  behaved  cs  solid  material  in  relation  to  seismic  waves  to  a  depth 
of  2900  km  bolow  the  surface.  However,  the  word  crust  has  not  boon  applied 
to  this  2900  km  thick  shell,  but  to  represent  only  a  relatively  thin  supor- 
fioial  layer.  The  lower  boundary  of  the  erust  has  boon  subjoot  to  sororal 
definitions,  as  the  boundary  botwoon  crystalline  and  vitreous  state  of  the 
material,  boundary  botwoon  the  lithosphero  (outer  shell  having  a  yiold 
strength  of  the  order  of  10  dynes/om  )  and  tho  asthenosphoro  (with  much 
smaller  yiold  strength)  or  oven  the  boundary  botwoon  tho  roughly  700  km 
thiok  sholl  in  which  earthquakes  ooour  and  the  deeper  parts  of  tho  oarth, 
where  earthquakes  are  not  known  to  ooour  (Gutenbor/?  1959).  However,  most 
goophysioists  adopt  tho  definition  that  the  Kohorovioic'  discontinuity, 
hereafter  called  the  2Ioho.  separates  the  crust  from  the  nantlo.  This 
definition  will  be  followed  here. 
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Apparently,  there  exists  no  oxnot  and  generally  aoooptod  definition 
of  the  iioho.  In  most  oas3s  it  is  sufficient  to  dofino  this  as  a  volooity 
discontinuity  near  the  3urfaoo  of  tho  oarth,  whoro  longitudinal  wave  volooity 
jumps  to  about  8  kn/soo . 

As  tho  orust  oovors  the  whole  oarth,  and  is  separated  from  tho  nantlo 
by  the  Hoho,  aooording  to  tho  adopt od  dofinition,  tho  definition  of  Hobo 
aust  bo  such,  that  it  oxists  bolow  any  point  on  the  oarth’s  surfaoo,  Kiis 
is  fulfilled  by  tho  definition,  that  the  Uoho  is  taken  at  tho  dopth,  whoro 
tho  eomprossional  wave  volooity  first  exceeds  7.8  Ici/soo  (Stolnhart  and 
lioyor  1961) .  This  dofinition  does  not  spooify  any  discontinuity  in 
volocitios,  and  hao  thorofore  a  physical  moaning  quite  difforont  from  that 
originally  associated  to  tho  JJohoro  vie i 6  discontinuity. 

V/o  profor  such  a  dofinition  that  Iioho  always  represents  a  volooity 
discontinuity,  if  this  oxists,  or  olse  a  level  whoro  the  volooity  inorease 
with  dopth  (volocity  Gradient)  roaches  a  aaxinun  inside  a  specified  volooit; 
•uid  dopth  interval.  Such  a  dofinition  nay  bo  expressed  as  follows,  Tho  jfoho 
-t.  thn  i nwnst  volocity  discontinuity  in  the  uppermost  100  to  of  tho  oarth, 
whoro  tho  no-nnrossional  wave  velocity  incroases  to  a  value  batwoon  li.0_.and 
8.5  kn/soc.  If  no  suoh  discontinuity  oxists.  the  Hoho  is  at  that  dopth, 
v/hcro  tha  volocity  gradiont  is  stoopost  inside  thc_dcpth  andjrolocity  limits 

adopted. 

The  continontal  crust  is  froquontly  dividod  into  throe  sections,  tho 
sedimentary  layers,  the  granitic  layer  and  the  bp.s_al.t_io  or  gabbro  layor. 

Tho  sodinentary  layers  cover  practically  tho  wholo  oarth,  both  continents 
and  ocean  bottons.  Their  thickness  and  physical  properties  vary  vory  nuch 
fron  one  place  to  another,  so  any  dofinition  is  difficult.  Tho  granitic 
layor  is  generally  roportod  by  seismologists  to  have  a  longitudinal  wave 
volocity  somewhere  between  5.5  and  6.5  kn/soc  ( Gut onb oi£  1959,  St.ojnhart 
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and  Hoy  or  1961,  B&th  1961  a).  Sawaronsld.  and  Klrnos  (I960,  p.  227)  defino 
tho  granitic  layor  as  orustal  layors,  having  longitudinal  wavo  volooity 
batwoon  5.2  and  6.0  kn/soo.  This  layor  is  Generally  not  obsorvod  below 
doop  ooonns.  Tho  basgltio  or  gabbro  layor,  soparatod  from  tho  granitio 
layor  by  tho  Conrad  discontinuity,  is  frequently  roportod  by  ooisnologists, 
but  its  wavo  volooity  soons  to  vary  very  rjuoh.  This  is  partly  duo  to 
diffaront  definitions  adopted,  but  also  duo  to  great  variation  insido  this 
layor  or  layors.  This  layor  is  found  in  both  continental  and  oooanio  regions. 
V7o  suggost  tho  following  definitions  for  uso  in  sei geological  works: 

Sodinontary  layor:  Longitudinal  wave  velocity  lowor  than  5.2  kn/soo. 

Granitic  layor:  Longitudinal  wave  velocity  highor  than  5.2  kn/soo  but 
lowor  than  6.2  kn/soo • 

Basaltic  layer:  Longitudinal  wave  volooity  higher  than  6.2  ku/soe 
but  lowor  than  in  tho  uppor  nantlo,  usually  lowor  than  7.5  kn/sco. 

Thoso  definitions  are  arbitrary,  but  in  close  agroonont  with  roportod 
velocity  of  crustal  P-wavos.  The  nano 3  of  tho  layors  do  not  nooossarily 
indicate  tho  geological  coaposition  of  tho  layers,  as  tho  definitions  aro 
based  ontirely  on  wave  velocities. 

On  the  Mid-Atlantic  Ridge  and  in  Iceland  (and  also  in  sovoral  other 
regions)  tho  uppor  crustal  layors  consist  of  volcanic  natorial,  oruptod 
during  the  Tertiary  and  Quaternary  opooh3.  Those  layors  are  hero  nanod  tho 
2SZS  layer,  dofined  os  a  surface  or  near- surf aoe  layer  in  Iceland  and  on  tho 
Mid-Atlantic  Ridge,  having  longitudinal  wavo  velocity  highor  than  3.5  lcu/soc 
but  lowor  than  6  ku/soc. 
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2,  Soianio  Methods  for  Detoinlnln/;  tho  Struoturo  of  the  Croat 

Tho  propagation  of  olostio  wnvos  through  tho  earth  has  contributed 
to  our  knowledgo  of  tho  orustal  struoturo  and  tho  struoturo  of  tho  oarth  'a 
Interior,  norc  than  all  other  research  not  hods  togothor.  Tho  olastio  wares 
aro  pro duo ed  oithor  by  natural  earthquakes  or  by  artificial  explosions. 

Tho  oorthquako  waves  haro  thoir  advantage  in  tho  lnrgo  energy  and  amplitudes , 
but  thoir  disadvantage  lies  in  tho  unknown  qunntitios,  tho  origin  tino, 
epioontor  and  foaol  dopth.  35iose  quantities  aro  usually  known  in  nrtifioial 
oxplosions. 

If  natural  oarthquakos  aro  used  for  determination  of  orustal  struoturo, 
the  looation  of  foous  and  origin  tine  oust  be  dot orminod  with  tho  highest 
possible  cecuraoy .  Hie  nothods  of  opioontor  looation  ore  dosoribod  in 
soismo  logical  textbooks  (e.g.  Kiehtor  1958).  For  woll  rooordod  oarthquakos 
an  aoouraoy  in  opioenter  of  about  10  ka  is  possihlo  if  all  oirounstnneos 
are  favourable,  by  using  only  stations  at  more  than  2000  ka  distanco.  If 
noaror  stations  aro  used,  a  knowledge  of  local  onoaalies  in  crustal  and 
upper  aantlo  wavo  velocities  i3  needed,  especially  if  the  opioenter  is 
looatod  near  a  boundary  between  different  structures.  Bio  possible  aoouraoy 
In  determined  hypooentral  depth  is  difficult  to  state.  In  large  oarthquakos, 
whore  PKP  is  oloarly  recorded  at  a  number  of  stations,  tho  hypooontral  dopth 
nan  be  determined  with  groat  aoouraoy  (possibly  10  km),  but  in  omallor  earth¬ 
quakes,  originating  at  groat  distanoe  from  a  donsc  not  of  seismograph 
stations,  the  accuracy  in  dopth  determination  is  poor  (somo  50  ka). 

Tho  seismic  methods  for  investigation  of  orustal  struoturo  oan  bo 
classified  as  follows  (B&th.  1958) j 


A:  Propagation  of  body  waves. 

Aj  Rofraotion  using  natural  eorthquokos 
Ag  Rofraotion  using  artificial  explosions 
A^  Rof  loot  ion  using  natural  earthquakes 
A^  Reflootion  using  artificial  explosions 

Bs  Propagation  of  surf no a  wavos . 

B1  Phase  propagation  of  Rayleigh  waves 
Bg  Croup  propagation  of  Rayleigh  woven 
B^  Phasa  propagation  of  Love  waves 
B^  Group  propagation  of  Love  waves 

C:  Othor  seisnio  nothods. 

Each  of  these  methods  will  bo  dosoribod  briefly.  For  nathonatioal  treat- 
nent  of  the  nothods  the  following  synbols  are  usodt 

Phase  velocity 
Group  velooity 
Longitudinal  wave  velocity 
Shoor  wave  volooity 
Wave  length 
Wavo  period 
Tine,  travel  tine 
Ihioknoss  of  layer 
Hypocontral  depth 
Epicontral  distance 
Inclination  of  interface 
Rigidity 
2  "/cT 
Constant 
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>17  rofor  to  orustal  layers ,  oountod  fron  the 


earth's  surface. 


A  l*_Rofraotion  using  natural  oarthquakos.  Die  precision  of  the  result 
depends  on  tho  accuraey  in  opioontor  and  fooal  depth  determination,  togothor 
with  tho  nuabor  and  distribution  of  noar  soisnograph  stations  and  the 
aoouraoy  in  tiao  Looping  Qt  these  stations.  Iho  obsorvod  travol  tiuos  of 
P-wavos  are  plottod  against  opioentrol  distnneo.  For  study  of  tho  surfaoo 
layers  wo  nood  dense  observations  up  to  on  epioentral  distanoo  sone  ton 
tines  proctor  than  tho  thioknoss  of  tho  layors  to  bo  studied.  Iho  obsorvod 
travol  tino  curve  oan  usually  bo  dividod  into  two  or  noro  straight  sootions 
eaoh  representing  nn  individual  layer,  assunod  to  bo  honogonoous .  Por 
orustal  layors,  tho  oarth's  ourvaturo  nay  be  ignored.  In  a  horizontally 
layered  oruct,  whoro  tho  focus  of  tho  oarthquako  lies  in  the  surface  lnyor 
(h  ^  H^) ,  tho  propagation,  along  tho  surfaoo,  of  wavos  travelling  in  this 
lay or  is  givon  by  the  equation 
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Por  waves  refracted  in  tho  second  layer,  tho  travol  tino  equation  is 
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and  for  wavos  rofraotod  in  the  third  lnyor  we  got: 
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If  the  hypooentral  depth  is  larger  than  H1 ,  the  oquations  hare  to  be 
modified  (BAth  I960). 

B»o  rolooities  s^,  <L^%  ...c^j  and  the  tiue  interoopta  Cg,  0 y  ... 

0  oan  bo  read  direotly  from  the  travel  tine  ourvo,  and  Hj ,  Hg,  ...  Hj 
« 

are  then  easily  oonputod  for  horiaontal  layering. 

Ihis  method  has  been  applied  in  the  investigation  reported  in  Ohaptor 

3.3.  below. 

A  2.  Refraction  using  artificial  explosions^  The  location  of  the 
explosion  point  and  the  travel  tine  are  usually  exactly  known.  The  tine 
keeping  is  usually  nuoh  more  exact  than  in  oaso  of  natural  earthquakes, 
as  the  recording  devioo  is  run  at  nuoh  higher  speed.  Otherwise  the  treat¬ 
ment  and  oonputations  oro  the  snno  os  desoribed  in  A  1.  Usually,  the 
refraction  method  is  applied  on  P-waves  only,  but  in  some  oases  transvorsal 
waves  (S  -  wavoB)  may  be  used  to  get  additional  information.  If  the 
discontinuity  botwoon  the  first  and  sooond  layer  is  dipping  and  forms  the 
ancle  with  the  horizontal  plane  along  the  line  of  measurements ,  the 
travol  time  of  the  refraoted  wave  is  given  by  the  equation 

*  -  -J-  [  A  sin  (i  +  W  )  +  2H.  oos  i.  oos  Cj]  (5) 

2  eti  1 

whoro 

,  ,  oil/, 

sin  i1  »  /  0L2 

and  is  the  layer  thickness  under  the  source. 

The  minus  sign  is  to  be  used  in  direction  of  dooreasing  thioknoss  of 
the  surf  no  o  layer  (Gutenberg  1959) .  If  the  discontinuity  botwoen  the 


-  10  - 

lamer  layers  Is  also  dipping  ,  the  expressions  for  the  travel  tiaos  of  waves 
rofraoted  in  the  doepor  layers  bocoao  noro  coaplicated,  than  in  (2),  (3) 

■nd  (4)* 

Ihis  aothod  has  bo  an  applied  in  tho  investigation  reported  in  Chaptor 

3.1. 

A  3.  Refloat  ion  using_natursl_oarthguakos.  Rof  loot  ions  fron  tho 
botton  of  the  crust  or  froa  discontinuities  inside  tho  crust  ore  difficult 
to  identify  in  soisnograas  of  natural  earthquakes.  This  is  nainly  duo  to 
tho  relatively  largo  distanoos  botwoon  tho  seisaograph  stations,  oonparod 
with  tho  lnyor  thioknossos.  However,  sovoral  authors  havo  idontiflod  suoh 
roflootions  (a.g.  Gutenberg  1944).  Booauso  of  tho  difficulty  in  idontifixnH.cn, 
rofloctions  using  natural  earthquakes  are  of  linitod  inportanoo  in  orustal 
structure  rosooroh. 

A  4.  Reflection  using  artificial  explosions..  This  aothod  is  very 
inport  ant  in  goophysioal  prospooting,  but  thoro  nro  grave  difficulties  in 
using  it  to  investigate  the  doepor  crustal  struoturos.  In  geophysical 
prospooting,  tho  goophonoo  ore  usually  plaocd  in  a  stroi^t  lino,  and  an 
explosive  chargo  is  detonated  in  the  cidpoint  of  this  line.  Die  iapulses 
fron  the  goophones  nro  fod  through  onplifiers  .f  spooial  design,  including 
bond-pass  filters  and  autoaatio  gain  oontrol.  By  this  noons,  inpulsos  of 
very  sa&ll  energy  or  snail  ground  anplitudos  nay  be  detected  on  the  soisno- 
graas.  The  aothod  is  describe^  in  textbooks  in  goophysioal  prospecting 
(o.g.  Swing  and  Pross  1956).  For  deep  roflootions,  tho  distance  betweon 
shot  point  and  goophones  nay  bo  choson  so  that  total  reflection  occurs. 

Tho  nathonatioal  troataont  of  such  oases  is  described  by  B|th  (I960). 

This  aothod  has  been  applied  in  the  investigation  report od  in  Chaptor 


3.5.  below. 
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B  1.  Phase  propagation  of_Rayloich  war  os .  Tho  phaso  volooity  of  Rnylolgh 
waros  In  layered  aodio  dopond3  on  tho  wavo  longth  and  tho  physiool  constants 
of  tho  notarial.  Tho  porlod  oquation  is  rathor  oonplioatod  and  is  given  in 
toxtbooks  on  thoorotioal  soisnology  (••c»  Swing,  Jardstatar  and  Ptom  1957)* 

By  aeons  of  hieh-npoed  oleotronio  ooaputors,  tho  period  aquation  oan  bo 
solvod  for  imultileyorod  struoturos.  A  groat  nuabor  of  such  oonputations 
havo  boon  nado  for  struoturos  analogous  to  that  of  tho  oarth's  orust.  Obssrrod 
phaso  volooitios  aro  oonparod  with  thoorotioal  onos,  and  if  tho  volooitios 
aro  equal  for  a  nunbor  of  wavo  froquonoios,  tho  orustal  struoturo  along  tho 
path  observed  is  probably  -rory  oinilar  to  that  usod  for  ooaputation  of  tho 
thoorotioal  volooitios.  If  only  a  snail  part  of  tho  wavo  spootrun  is  obsorvod, 
thora  is  a  possibility  of  considerable  variation  in  orustal  struoturo,  giving 
nearly  tho  sano  volooitios  in  the  observed  part  of  tho  wavo  spootrun.  FUrthor- 
noro,  structural  variation  along  tho  path  nay  produoo  tho  sano  offoot  on  tho 
obsorvod  phase  volooity  as  a  orustal  struoturo  daviating  oonsidorably  fron 
that  axis ting. 

Tho  actual  phaso  volooity  of  Rayleigh  waves  nay  bo  obtained  by  noting 
tho  arrival  tines  of  wave  orosts  as  noftsurol  on  a  honogonoous  set  of 
vertical  instruments  in  o  donso  not  of  stations.  By  this  proooduro,  both 
direction  and  velocity  of  oaoh  wavo  orcst  is  obtained,  but  irrogularitios 
■in  ^0  v/ave  forn  nay  oauso  3orious  orrors ,  if  fow  stations  aro  usod. 

This  -method  is  applied  in  tho  investigation  reported  in  Chapter  3.4. 


B  2.  Group  ^propagation  ofjtayloigh  waves.  If  tho  arrival  tinos  of  a 
wavo  in  a  dispersed  wave  train  arc  oonparod  with  tho  origin  tino  of  the 
disturbance  and  the  length  of  tho  path  traversed,  wo  obtain  tho  Group 
volooity  U,  which  is  oorrolatod  to  tho  phaso  volooity  o  according  to  the 


oquation 


U  a  o  +  k 


do 

dk 


o 


L 


do 

IE 
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She  group  velocity  notliod  noeds  only  ono  station ,  cut  tho  path 
investigated  oust  bo  long  oonporod  with  tho  wqvo  length*  Biis  involves • 
that  the  aothod  oannot  givo  infoznation  about  looal  variations  in  tho 
orustal  wtruoturo,  but  only  the  general  structuro  along  tho  whole  path. 

In  tho  application  to  Royloigh  wavos,  any  possibility  of  aislnt orprotation 
of  tho  wave  typo  oust  bo  olirdnatod.  Biis  is  nost  oasily  dono  by  using 
only  rocords  of  vortloal  soisaoaotors.  As  thoro  exist  sovoral  nodos  of 
Rayleigh  waves  (Rayleigh  nodo,  also  nnnod  first  nodo,  first  shoor  nodo  or 
soeond  aodo  oto)  ovory  possibility  of  taking  first  shear  nodo  os  Rayleigh 
nodo  oto  oust  bo  oxoludod.  Suoh  nistakos  aro  usually  easily  oxoludod  by 
comparing  tho  obsorved  group  velooitios  with  thoorotioal  ones  along 
structures  sinilar  to  that  oxpootod. 

Biis  aothod  is  applied  in  tho  investigation  roportod  in  Chaptor  3.2. 


B  3.  Hiaso  propagation  of_Lovo  wavos.  In  a  layorod  solid,  surf no a 
wavos  with  transverse  horizontal  particlo  motion  oxlst,  oallod  Lovo  wavos. 
Their  velooity  doponds  on  tho  wavo  length  and  physical  oonstnnts  of  tho 
material.  For  one  layer  of  thieknoss  H  over  a  honogenoous  solid  half  spaoo, 
the  poriod  oquation  nay  bo  written* 


tan  kH 


/*  2 


(sl  - 1)?  |  -  Cl 
{/3  2  )  J 


C'v) 


(8) 
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For  two  solid  layers  over  a  honogenoous  solid  half  spaco,  tho  poriod 


oquation  is  somewhat  more  complicated ,  but  it  can  easily  be  solved  by 
using  simple  hand  computers  (Bwing.  Jardetzky  and  Press.  1957).  For  noro 
than  two  surface  layers,  the  period  oquation  is  too  complicated  to  bo 


easily  solved  by  using  sinplo  computers. 

The  phase  velocity  of  Love  waves  can  be  used  for  crustal  structure 
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rosoorch  in  slnllar  way  os  phase  velocity  of  Rnyloinh  wavos,  but  thoro  aro 
8020  diffioultios  in  solootinc  puro  Lovo  waves  on  tha  soisnoemns.  Aooordinc 
to  our  knowledge,  this  uothod  has  never  boon  applied* 

B  4i  Qroug  gropacation  of  Lovo  wavos*  Tho  thoorotioal  croup  volocity 
of  Love  wavos  oan  bo  deduo od  fro 2  (7)  end  (8),  or  othor  porlod  equations 
for  Lovo  wavos.  As  Love  waves  usually  travol  fast or  than  Rnyloich  wavos, 
tho  bocinninc  of  the  surfaco  wave  train  frequently  consists  of  pure  Lovo 
waves*  Tho  croup  volooity  and  period  of  those  wavos  can  easily  bo  dotoardisd , 
gnfl  usod  for  crustal  struoturo  dotoraination  in  tho  saao  way  as  croup 
volooity  of  Rayloi^i  waves.  If  croup  volooity  of  both  Rnyloich  and  Lovo 
waves  alone  tho  sane  path  aro  usod  for  crustal  struoturo  dotorainntion,  tho 
rosult  will  bo  noro  roliablo,  than  using  only  ono  typo  of  wavo. 

This  no  tho  d  has  boon  appliod  in  tho  invostication  import  od  in  Chaptor 

3*2. 


C.  Othor  application  of  soisnio  waves.  The  onplitudos  of  body  wavos 
rof looted  at  tho  oarth's  surfaoo  (PP,  SS,  pP  oto)  dopond  sonowhat  on  tho 
orustal  struoturo,  ospooially  tho  layorlne  of  tho  orust  in  tho  point  of 
roflootion.  Soao  authors  havo  roported  double  reflections  in  suoh  oasos, 
ono  at  the  lioho ,  and  anothor  at  the  oarth's  surface.  Tine  differenoo 
botwoon  those  'tho  thioknoss  of  the  orust.  Reflections  downwards  fron 

tho  lioho  arc  Generally  faint  and  difficult  to  identify. 

Channel  wavos  (L  ,  R  oto)  ore  frequently  found  on  soisnocrons,  whoro 

G  6 

tho  wholo  path  is  over  oontinonts.  Thoir  ozistonoo  is  proof  for  oontlnontal 
orustnl  structure  alone  tho  whole  wave  path,  whilo  their  absonoo  does  not 
necessarily  indicate  ooeanic  orustal  struoturo  (B|th  1961  b) . 

The  attonuation  of  short  period  surfaoo  waves  is  found  to  bo  nuoh 
Grootor  iu  the  border  zone  between  continental  and  oceanio  orustal  struoturo, 
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than  inaido  each  structure.  Furtfccraoro,  surfaoo  wavos  of  poriod  shorter 
than  12  soo  are  usually  not  found  on  soisnogrcno  of  distant  earthquakes, 
whore  the  wave  path  lies  wholly  or  to  a  largo  oxtont  across  oooonio  crustal 
structures. 


3.  Rosulta  of  tho  Pro  sent  Roaoarch  Work 

3.1.  Upgor  Crustal  Structure  of_Ioclond_  by  Eystoinn  Tryggvason  and 
Uarkus  B&th. 

m  this  work  the  refraction  nothod,  usinc  waves  fron  artificial 
oxplosions,  was  applied.  Rofleotions  wore  also  usod,  but  these  wore 
froquontly  very  voguo .  She  observational  data  consisted  of  soisnograns 
obtained  in  Iceland  during  tho  nontha  of  August  and  Sop t enter  I960,  alone 
eight  refraction  profiles  fron  20  to  41  kn  long.  This  natorial  was  usod  to 
dotomino  tho  thickness  and  wave  velocities  in  tho  "lava"  layor,  about  5  kn 
thiok.  The  measuring  profiles  wore  laid  near  a  lino  crossing  Xooland  fron 
southwost  to  northoost.  Tho  rosult  of  this  study  nay  bo  sunaarizod  as  follows: 

1)  Surface  fornations,  where  P-wavo  velocity  was  low  or  than  3.0  kn/soo. 
This  layor  consists  of  irregular  surfaoo  f carnations,  as  sodinents  of 

difforont  ago,  recent  lavas  and  possibly  sone  old  lavas.  Its  thickness  is 
loss  than  0.2  kn  in  six  profiles,  but  in  two  profiloa  in  north  Iocland,  tho 

thickness  was  found  to  bo  0.35  resp.  0.39  kn, _ _ _ 

2)  Layer  with  P-wave  velocity  3.7  ±0.3  kn/soo. 

This  layor  is  nost  pronounood  in  southwost  Io eland,  whore  its  thickness 
is  observed  to  bo  1.5  to  2.4  kn.  In  north  Iceland  tho  layer  is  nissing. 

This  layer  consists  probably  of  irregular  lava  formations,  nainly  of  Oiator- 
nary  age.  In  south  Iceland  no  other  lava  layer  was  found. 
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3)  Lay  or  with  P-wavo  volooity  4*95  i  0.2  kn/seo. 

This  layer  11  os  bolow  lay  or  2  In  oontml  Iool&nd  but  bolow  thin 
aodinontcry  layor  or  at  tho  surfaoa  In  north  Ioolnnd.  It  oonslsts  oflavr. 
of  Tertiary  ago,  whoro  it  onn  bo  obsorvod  at  tho  surfnoo.  Its  thloknoss  was 
dotoroinod  to  lio  botwoon  1.0  and  2.7  kn. 

4)  Layer  with  P-wavo  volooity  5,55  t  0.05  kn/soo. 

This  layer  is  found  bolow  layor  3  in  three  profiles  in  oontral  end 
northern  Iocland.  Its  thloknoss  is  observed  to  lio  botwoon  1.2  and  3.1  lei. 
If  this  layor  is  thinner  than  about  1.0  lei,  bolow  a  layor  3*1  to  2  fcn  thick, 
it  oannot  bo  detooted  by  the  refraction  r.othod ,  as  no  first  arrival  on  tho 
selsnograns  would  correspond  to  this.  Tho  constitution  of  this  layor  Is 
unknown,  but  it  is  assunod  to  consist  of  volocnio  notarial  (lava). 

5)  Layor  with  P-wavo  velocity  about  6.2  kn/sco. 

Tills  layer  wes  found  bolow  the  lava  layors  at  a  dopth  of  1.7  to  3.7  kn. 
At  ono  profilo  in  north  looland  this  layor  was  not  found.  Its  wave  volooity 
is  lntornediato  between  the  granitio  and  tho  gabbro  layer,  aooording  to  the 
odopted  definition,  but  its  oonposition  is  unknown. 

6)  Layer  with  P-wavo  volooity  about  6.7  kn/sco. 

This  layer  is  found  bolow  tho  lava  layor  at  4.8  kn  dopth  in  ono  profilo 
in  north  Ioelnnd.  Other  observations  give  its  thickness  about  15  kn  (Try rf.- 
vason  1959,  B&th  I960).  It  belongs  to  tho  gabbro  layor  according  to  the 
definitions  adopted. 

Tho  rosult  of  this  rasoaroh  has  appeared  in  our  Sciontifio  Roporfc  Bo.  1 
7md~Haa~~b~dbn "publish e d  inJournal  of  Goophysioal  Research.  ifolune  66 ,  No.  6, 
Juno  1961,  pp.  1913-1925. 
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3.2._Oruotol_Stiuoturo_°f  th.  loolnni  Sogl^fron  Dl.porrfooof  Sorfooo  !««» 

by  Eyatoinn  Tryggvason. 

Group  velocities  of  both  Love  on*  Rayleigh  waves.  re  Gotorainod  Sr on 
rooorda  at  Icelandic  soisnograph  stations  tocothor  with  ono  earthquake  record 
froa  Sooresbysund,  aro  usod  in  this  study.  Tho  earthquakes  studied  originated 
in  tho  Hid-Atlnntio  Soianio  Bolt,  and  tho  wave  paths,  W5-1640  kn  in  loncth, 
ell  lio  near  this  soisaio  bolt,  end  inside  the  Iiid-AtlnntiO  Ridco,  if  this 

ridge  is  dofinod  to  include  Ioolnnd. 

Bio  obsorrod  surface  wave  dispersion  was  oonparod  with  theorotioally 

ooaputod  dispersion  curves  of  both  Lovo  and  Rayleigh  waves.  Tho  theoretical 
Love-wave  dispersion  curves  wore  computed  by  the  writer,  while  for  Rayloitfi 
waves,  theoretical  curves  of  Haskell  (1953)  and  Kanoi  (1951)  wore  used. 

This  coaparlson  showed,  that  the  wavos  studied  were  first-aodo  Lovo  and 
Rayleigh  waves,  as  otherwise  we  had  to  account  for  a  crustal  structure, 
deviating  greatly  fron  the  previously  obtained  results  from  soisnic  refraction 
neasurouonts  (Ewin£  and  Evd££  1959,  B|th  I960),  ttis  study  shows,  that  a 
thin  layer  of  low  wave  velocity  covers  tho  region  studied,  and  controls 
the  surface  wave  propagation  to  great  ertent.  The  thickness  of  this  surface 
layer  is  act nly  about  4  kn,  and  therefore  the  surfaoo  waves,  which  nainly 
propagate  in  this  layer,  aro  of  short  period,  sono  3-6  sec.  Waves  of  longer 
period  are  also  recorded,  especially  of  earthquakes  at  considerable  distance, 
but  with  relatively  snail  amplitudes.  Per  wave  paths  aoross  Iceland,  tho 
Rayleigh-wave  train  can  sonetines  be  divided  into  two  sections.  First  arrives 
a  train  of  snail  anplitudo  waves  of  large  period,  to  be  followed  by  another 
train  of  wavos  of  nuch  larger  amplitude  but  shorter  period.  Tho  dispersion 
of  the  first  waves  is  supposed  to  bo  caused  nainly  by  surface  layers,  of 
total  thickness  about  10  kn  or  soaewhat  less.  The  later,  large  anplitudo 


vcyoB  are  also  dispersed,  tut  the  dispersion  is  apparently  oontrollod  by 
one  surface  lcyor  of  sono  4  kn  thioknoss  overlying  an  infinite  holf-spaoo 
of  honoganoous  notorial.  Zhoso  results  lead  to  tho  oonolusion,  that  tho 
onrth's  orust  in  Ioelnnd  can  be  dividod  into  two  sootions  of  thiok- 

ness.  Refraction  noasureaonta  (Try/revason  1959,  B&th  i960)  show  sonowhat 

different  and  surely  noro  reliable  results  about  tho  lower  or  sooond  orustal 
layer. 

Tho  result  of  this  study  is  sumarlzod  as  follows i 

Tho  Mid-Atlantic  Ridge  southwest  of  Iooland.  but  north  of  52°1.  A 
surfaoe  lay  or  about  4  kn  thick,  with  S-wavo  vclooity  about  2.7  kn/soo  oorors 
a  sufcstratun  of  unknown  thickness,  where  tho  S-wavo  velocity  is  botweon  4,0 
and  4.5  ka/seo,  probably  about  4.3  kn/soc.  nearest  Iooland  there  is  an 
intemediato  lay  or  some  5  kn  thick  with  S-wavo  volooity  about  3.6  kn/soo. 

CgP.fofil  Iceland.  A  surf no 0  layer  with  nn  S-wnve  volooity  about  2.7 
kn/seo  and  sone  3  kn  thick  ovorlies  a  loyor  of  unknown  thioknoss  with  S-wavo 
velocity  considerably  lower  than  4.5  kn/soc,  possibly  about  4.0  kn/soo. 
Another  possiblo  solution  is  a  surface  layor  loss  than  3  kn  thiok  with  S- 
wave  velocity  about  2.5  kn/soo  overlying  a  rolativoly  thin  (  <4  kn)  intor- 
nodinte  layer  of  S-wavo  volooity  botweon  3  and  4  kn/soc,  which  ovorlios  a 
substratum  of  higher  wave  velocity. 

Western  Iceland.  A  surfaoe  layor  4-5  kn  thiok  with  S-wave  volooity 
sone  2.7  kn/3oc  overlies  a  layer  of  similar  thickness  with  S-wavo  volooity 
about  3.6  kn/sec.  The  substratum  has  an  S-wave  velocity  of  4.1  -  4,5  kn/soo. 

The  path  SW-Ic eland  to  Scoresbysund,  A  surfaoo  layor  of  S-wave 
velocity  about  2.7  kn/sec  and  sone  7  kn  thiok  ovorlios  a  substratun  of 
S-wave  velocity  about  4.3  kn/sec. 


Togetlior  with  3.1  and  earlier  investigations  (Swing  and  Swing  1959, 
B&th  I960)  this  study  indicates  the  structural  variations  fron  tho  Mid- 
Atlantic  Ridge  to  Iceland. 
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A  papor  on  this  study  has  appoarod  as  our  Soiontifio  Report  Ho.  3  and 
has  boon  submitted  for  publication  in  Bullotin  of  tho  Soisnologioal  Sooioty 
of  Anerica. 

3.3.  JffaYo  7elocity_in  tho  Dpgar  Mantlo_bolow_tho  Arotic-Atlentic  Oooon 
and  northwest  Euroj)0_  by  Bystoinn  Trygsvason. 

Hie  rofraction  nothod,  using  waves  from  natural  oarthquokos,  is  applied 
on  data  of  four  earthquakes  in  tho  Arotio-Atlontic  Oooon.  tho  origin  tinos 
end  opioontors  of  tho  oorthquekos  aro  as  follows: 

1951,  Juno  6,  16  10  47,  71?4  B  10?1  W 

1952,  Doc  10,  05  58  05,  71?0  H  6°8  W 

1958,  Jen  23,  13  35  03,  65?2  B  6?8  B 

1959,  Jen  29,  23  24  29,  71?0  B  7°.  2  B 

The  opioontors  and  origin  tinos  woro  dotaroinod  fron  arrival  tinos  of 
P-wavos  at  stations  at  noro  than  20°  distcnco  fron  tho  opioontors.  Bo 
indication  was  found  of  abnormal  focal  dopth. 

Tho  uppor  nantle  volocity  in  Fennosoandia  was  found  to  bo  8.36  kn/soo 
by  assuming  horizontal  layering,  This  volocity  was  woll  dofinod  in  tho 
earthquakes  of  1958,  Jan  23,  and  1959,  Jan  29.  The  tino  intorcopt  for  tho 
latter  was  11  sec  against  7  sec  for  that  of  1958,  Jan  23.  This  difference 
could  possibly  bo  caused  by  different  focal  dopths,  and  thus  incorroct 
origin  times,  but  we  need  a  dopth  differonce  of  sono  50  kn  or  noro  to  ex¬ 
plain  this  differenoo  in  tine  intercept.  Another  explanation,  assunod  by 
the  writer,  is  that  tho  difference  in  tine  intorcopt  is  partly  or  wholly 
produced  by  a  low-velocity  region  in  tho  vicinity  of  tho  opioontor  of  Jan 
29,  1959.  Wo  have  soen  (3.2.)  that  the  uppor  nantlo  (or  lower  crustal 
layors)  have  a  P-wave  velocity  about  7.4  kn/soc  in  tho  Icoland  region. 

By  assuming  that  the  low-velocity  upper  nantle  foras  a  broad  bolt  (say  500 
kn)  on  both  sides  of  the  Atlantic  Seisnio  Bolt,  we  should  have  the  P  wavos 
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troa  oarthquokos  in  tho  Atlantio  SoiadLo  Bolt  sccjowhat  dolayod  at  short 
distonooe,  while  at  larger  distenoos  tho  dolay  is  saallor,  and  depends  on 
tho  thioknoss  of  tho  mantle  layor  with  ebnoraally  low  voloolty.  If  wo 
assuno,  that  tho  paths  froa  tho  oarthqunkoa  of  1951,  1952,  and  1959  to 
stations  in  Io eland  and  to  Scorosbysund  and  Nord  in  Groonland ,  lio  wholly 
insido  tho  rjnntlo  low-volooity  rogion,  wo  obtain  an  apparent  volooity  noar 
7.5  te/aoo  up  to  a  distance  of  about  10°,  whoroaftor  tho  apparont  volooity 
is  sonowhat  in  oxcoss  of  8  tez/sco  until  tho  twanty-dogroo  discontinuity  is 
roaohed,  probably  at  15  -  16  distanoo.  Thoro  is  a  possibility  of  a  shadow 
zone  at  distnneos  botwoon  8°  and  16°,  although  tho  earthquake  of  1959,  Jan 
29.  was  oloarly  roeordod  at  those  distancos. 

As  a  prolininnry  rosult,  tho  7. 4 -lay or  oxtonds  to  100-150  kn  depth, 
and  thus  uust  belong  to  the  nantlo  acoordi ng  to  tho  adopted  definitions. 

This  nay  possibly  bo  expressed  by  saying:  that  tho  low-volooity  asthonosphoro 
layor  roaches  tho  top  of  the  nantlo  in  tho  vicinity  of  tho  Llid-Atlantic 
Saisaic  Bolt. 

Below  tho  continent  in  northwost  Europe  tho  P-wavo  volooity  below  Moho 
is  found  to  be  unusually  high,  8.36  kn/soo.  A  shadow  zono  is  not  pronounood 
as  reported  froa  soao  other  rocions  (Gutontorg  1959) .  Wo  havo  cloar  P-wavos 
at  all  distances  between  5°  and  15°,  but  botwoon  15°  and  20°  tho  stations 
frequently  report  oP.  A  nuaber  of  the  tiaos  reported  do  not  indioato  any 
delay,  although  several  stations  report  too  late  P.  Tho  twonty-dogroo 
discontinuity  lies  at  19°  -  21°  distnneo,  depending  on  tho  location  of  tho 
opicontors.  Par  the  earthquake  of  1958,  Jan  23,  this  distance  was  noarly 
21° ,  which  is  abnoraally  groat,  doponding  on  tho  unusually  high  velocity 
in  the  upper  aantlo. 

A  paper  on  this  study  has  been  presented  as  our  Soiontific  Report  Ho. 

5  and  has  been  suboittod  for  publication  in  Annali  di  Geofisioa. 
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3.4._Cruat£.l_Thlcknoss_in  Fonnosoandia_froa  Ihcso  Volocitios_of  Raylei£h_WaTos_ 

by  Eysteinn  Tryggvason. 

!Zho  phase  volocitios  of  Royloigh  wgyos  traversing  Fonnosonndia,  woro 
dotorninod  by  using  all  aval  labia  records  of  short-poriod  Tortionl  soisno- 
notors  In  Donanrk  ,  Finland  and  Swodon,  Two  distant  oarthquakos  woro  solootod 
for  the  study,  ono  with  surfaoo-wavo  propagation  nearly  porpondioulor  to  tho 
uoct  coast  of  Norway,  with  oploontor  In  Mexico,  July  28,  1957,  onothor  with 
wave  propagation  noarly  parallol  to  tho  west  coast  c.  llorway,  with  oploontor 
in  tho  Kuzilo  Islands,  Novonbor  6,  1958. 

The  nothod  donwnds,  that  oach  individual  wave  con  bo  followod  across  tho 
rogion  stu'Hod.  This  involvod  sono  difficulties,  booauso  of  largo  distances 
betweon  tho  stations,  and  also  booauso  tho  waves  woro  lrro&ulor  and  tho  wave 
fronts  curved.  Furthor  difficulties  woro  oausod  by  tho  foot,  that  tho 
direction  of  oarth  notion  in  Holsinki,  Finland,  woo  not  known,  and  at  Sodan- 
kyla ,  Finland,  tho  direction  of  motion  was  opposito  to  that  reported. 

Tho  irrogulariti os  in  tho  fom  and  dlrootion  of  tho  wavo  fronts  wore 
ohiefly  caused  by  irregularities  in  tho  wave  paths.  As  a  eonsoquoneo,  oach 
individual  wave  was  recorded  with  different  porlod  at  difforont  stations. 
Furthermore,  tho  curvature  of  tho  wave  front  was  difforont  for  difforont 
waves  in  tho  sr.no  wavo  train. 

All  those  foots  make  the  rosult  of  this  study  loss  aoourato,  than  those 
obtained  by  tho  uso  of  noro  regular  surface  waves,  as  those  originally  usod 
in  similar  studios  (Press  1956).  To  got  noro  reliable  results,  tho  curvature 
of  tho  wavo  fronts  was  computed,  and  included  in  the  phase  volocity  . 
determinations.  This  procedure  increased  tho  accuracy  of  tho  result 
considerably. 

On  the  other  hand,  no  aooount  was  takon  of  the  different  phaso  shift  at 
different  stations,  tut  its  effeot  was  studied,  and  found  to  account  for  loss 
than  1  %  of  the  apparent  velocity  in  all  cases,  and  was  thus  insignifioant , 
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oonparod  with  other  orrors.  o.Ufi-  - 
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3ho  orustal  thioknoss  obtained  was  nearly  oonstnnt  over  tho  area  studied, 
about  35  ka.  Shore  wore  how  or  or  indications  of  slight  inoroaso  in  tho  thiok- 
noss  to  the  wost  and  north,  to  35-3S  kn  as  a  noon  for  north orn  Swodon  against 
33-35  kn  in  Finland  and  sou  thorn  Snodon. 

A  paper  on  this  resoorch  has  toon  given  no  our  Seiontifio  Roport  No,  2 
and  will  to  published  in  Annali  di  Goofioiea. 


3.5._Doeg  Soisaio  Roflootion_Bxporiacnto_at  Kiruna  by  Hnrkus  35th  and 
Bystoinn  Tryggvason . 

In  August,  1955 »  *  sorios  of  spooiolly  arranged  qunny  blasts  in  tho 
Kiruna  iron  oro  ninos  was  rocordod  with  a  rofraotion  apparatus  at  approx.  10 
kn  distance.  3ho  oxporinonts  aro  tho  first  soisaio  investigations  of  tho 
doeper  orustal  structure  in  Fonnosonndia  and  woro  nainly  undortakon  in  order 
to  study  noor-vortioal  roflootions  fron  crustal  discontinuities.  Tho  rooords 
show  clear  direct  P  wavos  with  sharp  onsots  and  a  velocity  of  5.65  *  0.13 
kn/soo  (in  porphyry),  furthoxuore  S  waves  of  loss  dofinitc  onsets  and  sound 
wavos  through  tho  ataosphorc.  P  wavos  reflected  froa  orustal  discontinuities 
are  woak  and  of  orratio  ooourronoe,  in  agroeuont  with  thoorotioal  oxpootation 
for  noar-vertioal  roflootions.  Approx,  depths  to  tho  Conrad  and  tho  Hohoro- 
viXio'  discontinuities  are  calculated  as  19  ka  and  33-34  kn.  Ofcoro  is  gcnoral 
agreeaont  with  the  oxplosion  rooords  written  by  tho  Grenot  seisaogroph  at 
Kiruna,  and  tho  differences  which  exist  oan  bo  explained  by  tho  difforont 
froquenoy  responso  of  the  two  instruments. 

A  paper  on  this  investigation  has  been  sent  as  our  Seiontifio  Roport 
Ho.  4  and  will  also  bo  published  in  Geofisioa  pura  o  applioata. 


3.6.Jiaplituaoa  of_I2rplocion;:Gonoratod_Soiaaic_Wr.vo3_  by  liarkus  Mih  and 
Byotolnn  Tryesvason. 

Rooords  of  undercut  or  axplosi  ~n3  in  Iceland  in  1959  and  1980,  mainly 
performed  for  orustal  studios,  have  boon  investigated  with  rot~ord  to 
amplitudes.  Ik*  amplitudes  of  P2  in  tho  1959  explosions  and  of  the  first 
arriving  P  v/r.vos  in  the  i960  oxplosions  wore  found  to  l:o  proportional  to 
tho  first  powor  of  tho  ohnreo  v/oicht ,  whoroas  amplitudes  of  PI  and  SI  in 
tho  1959  explosions  v/oro  proportional  to  the  3/.’r-powor  of  tho  ohar,;;o  up  to 
200  kQ,  but  inoroasod  muoh  slower  for  Inreor  ohnrcos.  Tho  influonoo  of  wator 
dopth  of  shot  point  on  tho  ohar^o  weights,  required  to  obtain  a  oortain 
amplitude,  has  been  determined  and  it  was  found  that  tho  locnrlthn  of  tho 
choree  weight  has  a  linear  relation  to  water  depth  down  to  about  8  motors. 
Tho  amplitudes  of  first  arriving  P  waves  dooreaso  ns  the  invorso  2.2-powor 
of  tho  distance  up  to  about  30  km.  For  eroater  distanoes  an  orponontial 
dooreaso  of  the  form  ( const. )  o'  is  VaUd.  For  P2  waves  with  a 
frequency  of  10  ops  we  found  /3  -  0.027  *  0.003  km"1  for  a  profile  aoross 
central  Iceland  end  ,'i  -  0.009  ±  0.00-',  k::"1  for  a  profile  in  the  western 
part  of  Iooland. 

Tho  full  paper  constitutes  our  Soiontifi©  Report  No.  6  and  will  be 
published  in  Goofisicn  pure  0  applicata. 
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rosslblo  Continuation  of  tho  Pros  ant  Work  op  Crustal  and  Pnnor 
Llantlo  Struoturo  In  tho  ^nttdinnvir.-IftQ^nd  Aygn 

Iho  bordor  linos  botwoon  tho  Oifforont  struotural  rogiona,  studied  in 
tills  projoot,  nro  not  oxnotly  dofinad.  Tho  oiustnl  and  upper  iicntlo 
structure  in  Icoland  and  tho  Llid-Atlnntio  Hidco  differs  cror.tly  from  that 
found  for  Fonnosonndia .  Wo  do  not  knew,  If  those  two  struoturos  nro  in 
oontnet  alone  somo  bordor  lino,  or  if  thoro  exists  a  third  typo  of  orustnl 
struoturo  botwoon  the  first  two  struoturos.  This  can  bo  studied  by  using 
tho  rofraotion  method  at  soa  with  artificial  oxplosions  in  tho  Arotic- 
Atlantic  Ocean  off  tho  Uorwojian  ooast.  Some  information  about  this  may 
possibly  bo  obtained  by  usinc  dispersion  of  surfaoo  waves  of  earthquakes 
in  tho  Arctio-Atlantic  Oocan,  rocordod  at  noar  stations,  preferably  at  tho 
Horwocinn  ooast. 

For  uoro  precise  results,  concerning  the  crustal  struoturo  in  Ponno- 
soandia,  wo  nood  rofraotion  monsuromonts ,  usinc  artificial  explosions,  alone 
linos  sufficiently  lone,  to  obtain  tho  total  thioknoos  of  tho  orust.  Such 
noasurononts  have  boon  made  in  Swodon  ’.urine  the  summer  of  I960,  but  tho 
result  is  not  yot  published.  Tho  refraction  method  usinc  natural  earth¬ 
quakes  may  also  civc  valunblo  inforaation,  and  has  boon  appllod  by  Finnish 
soismolocists  for  the  northern  part  of  Pennosoandia,  This  work  should  bo 
oontinued  ancl  expanded,  using  tho  present  not  of  seis:.iocraph  stations  with 
sonsitivo  instruments . 

The  methods  applyinc  C^oup  velocities  of  surface  waves  nro  apparently 
of  limited  import nnc e  for  studies  of  the  orust nl  structure  ln  Ponnoscandia, 
booauso  the  local  earthquakes  ore  Generally  small  and  produco  surfaoo  waves 
of  very  small  amplitudes. 

In  Iceland  the  present  investiention  mainly  oonoorns  the  thin  lava 
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lnyor,  oov urine  tho  wholo  island.  Tho  deapor  orustr.1  layors  hr.ro  boon 
studiod  by  usinc  rofraotod  wavos  of  tot)  \iatural  oarthquakos  and  artificial 
oxploaions  (Try/varason  1959  •  Blth  I960).  S  ini  lor  studios  should  bo  ropoatod 
in  othor  locations  to  obtoin  a  noro  complete  picturo  of  tho  earth’s  orust 
in  loo  Land.  Tho  oxtonsion  end  thioknosc  of  tho  "cabbro1*  lay  or  bolow  tho 
ocoan  around  Iooland  ocn  bo  studiod  by  usinc  tho  rofrootion  no  tho  d  at  soa, 
near  tho  coasts  of  Iooland. 

Tho  thickness  of  tho  7«4-loycr,  horo  identifiod  as  an  uppor  nontlo 
Icyor,  can  possibly  bo  studiod  by  larco  artificial  o^losions  at  soa,  and 
with  recording  stations  on  land.  Iooland  is  roll  looatod  for  such  studios. 

Tho  phase  velocity  of  surface  wavos  in  Iceland  nay  possibly  civo 
valuable  lnfomation  about  tho  deeper  crustal  structure  of  Iooland.  How- 
crvor,  this  would  roquiro  a  noro  conploto  and  hono^cnoous  station  not,  than 
that  oxistinc  at  present.  Tho  Croat  variation  in  orustal  structure  in  tho 
vicinity  of  I  •'•-and  nay  how  over  unko  the  application  of  this  nothod  diffi¬ 
cult. 

Tho  phase  velocity  nothocl  can  possibly  be  applied  also  on  the  wholo 
Arctie-Atlantio  Oooan  north  of  Iceland  and  south  of  Spitsbergen,  by  usinc 
tho  oxistinc  net  of  stations  in  Croonland,  Iceland,  Norway  and  Sweden .  It 
uay  howovor  be  nocessory  to  add  several  stations  in  the  region ,  proforably 
in  Groonland,  3ear  Island  and  Jan  Hay  on  Island,  and  standardize  tho 
instrumentation  at  the  already  cxi3tinc  stations,  to  make  such  a  study 
possiblo.  There  arc  obviously  erect  difficulties  associated  with  such 
studies,  due  to  larco  distances  betwoon  the  stations  and  croat  variations 
in  crustal  structure.  Similar  difficulties  were  partly  olininated  in 
Pennoscandia,  by  includinc  the  ourvature  of  the  wave  fronts  into  tho 
velocity  computation,  but  in  case  of  the  Arotio-Atlantic  Ocean,  those 
difficulties  :ny  be  too  crave  for  obtoininc  any  reliable  result. 
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5.  forsonnol 

Tho  following;  two  soisuolocists  have  conducted  tho  rasoarch  dosorihod 
nhovo,  nnnoly  Dr.  llarkus  34th  (Projoot  Sol  ant  1st) ,  Soisaolofioal  Institute, 
Uppsala  University,  Uppsala,  Swodon,  and  Cnnd.  roal  Eystoinn  Tryesvason,  on 
loavo  fro.:  Vodurstofan,  Reykjavik,  loo  land.  Forsonnol  at  tho  Soisnolofioal 
Institute,  Uppsala,  has  assistod  in  various  ports,  suoli  as  drawing  cf 
ficuros,  typing  of  aanu3orlpts,  duplication  oto. 

Hr.  Tryaavaaon  worked  full-tiao ,  i.o.  at  least  ‘,2  hours /nook,  on  tho 
research  Purina  the  whole  period.  Dr.  llarkus  D&th  has  worked  part-tino  on 
the  project,  oithor  as  a  oo-author  of  papors  together  with  Hr.  Tryccprason, 
or  hy  discussions  and  odvioo  in  tho  othor  papors. 

Tho  payuont  inoludod  in  tho  oontraot  lias  boon  used  oocolusivoly  as 
3 alary  to  Hr.  Tryarvnson  durinf.  his  visit  to  tho  Saisnoloaioal  Institute, 
Uppsala . 
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